e repair and strengthening of reinforced concrete members are very important due to several factors, including unexpected increases in load levels and/or the damaging impact of aggressive environmental conditions on structural concrete members. Many researchers have turned to using materials for the repair and strengthening of damaged structures or the construction of new concrete structural members. Ultrahigh-performance fibre-reinforced concrete (UHPFRC), characterized by superior structural and durability performance in aggressive environmental conditions, is one of the materials that have been considered for the repair and strengthening of concrete structural members. e repair or strengthening of concrete structures using UHPFRC needs a thorough knowledge of the behaviour of both the strengthening material and the strengthened concrete structure at service load conditions, in addition to an understanding of the design guidelines governing the use of such materials for effective repair and strengthening. In this study, the recent issues and findings regarding the use of UHPFRC as a repair or strengthening material for concrete structural members are reviewed, analysed, and discussed. In addition, recommendations were made concerning areas where future attention and research on the use of UHPFRC as a strengthening material needs to be focused if the material is to be applied in practice.
Introduction
Reinforced concrete (RC) structural members are made to efficiently support loads over the expected service life of the structural members. Nevertheless, due to many faults in design, change of usage, poor quality of the materials used, or change in the natural conditions, some of these structural members should be repaired or strengthened. Repair of RC elements is imperative, not only for weakened elements but also for strengthening new structural concrete elements; thereby, strengthened structural elements could safely support the design load under different aggressive environmental conditions without excessive damage.
Over the last two decades, researchers have created different materials and methods for the repair of deteriorated RC members besides strengthening new concrete structural members. Among the most common of the utilized materials is carbon fibre-reinforced polymer (CFRP).
Investigations were directed into strengthening structural members with CFRP and came up with many helpful outcomes. El-Enein et al. [1] investigated the flexural behaviour of an RC slab column joint strengthened with CFRP at the tension side. e results indicated that there is an increment in the flexural capacity and stiffness of the RC slab column joint. Monti and Liotta [2] conducted experimental and analytical works on the shear behaviour of strengthened RC beams with CFRP.
e results demonstrated the promising shear enhancement of strengthened RC beams as compared to the control beam. Moreover, design equations have been developed for repairing beams with CFRP. Many research works have been, and are also currently being, directed at the viability of utilizing CFRP as a repair material. In any case, making repairs with CFRP involves deficiencies, which prevent the implementation of CFRP in compression under cyclic loading. is behaviour relies upon the strength of the parent concrete, the CFRP concrete bonds, and their durability [3] . erefore, a newer material was created and utilized for both the repair and strengthening of damaged or new RC structural members, which is known as ultrahighperformance fibre-reinforced concrete (UHPFRC). Most research works highlight the two significant features of UHPFRC (durability and strength), which show promising recent outcomes, as reported by many researchers [4] [5] [6] [7] [8] . Studies on the mechanical properties of UHPFRC have shown that the compressive strength could be up to 163 MPa. e results have also demonstrated that increasing the percentage of steel fibres will result in increasing the flexural strength of UHPFRC [9] . Lubbers [10] investigated the behaviour of UHPFRC under compression and flexure, and it was found that the compressive and flexural strengths of UHPFRC could be 2-3 or even 6 times more than highperformance concrete (HPC), respectively.
Ultrahigh-Performance Fibre-Reinforced Concrete
UHPFRC is a highly dense, steel fibre-reinforced cementitious composite material having compressive strength in excess of 170 MPa; a tensile strength of over 8 MPa; and a flexural strength of more than 30 MPa [11] . e high strength of UHPFRC is achieved by improving concreting techniques and materials (the addition of ultrafine pozzolans) and by having a very low water-cement ratio, high quality and higher dosages of superplasticizers, high cementitious material content, and optimum volume of highstrength ductile steel fibres. e use of steel fibres is to prevent the growth and interconnectivity of microcracks by absorbing the tensile stresses. e microcracks join together forming macrocracks [12] . A typical mix design of UHPFRC and reactive powder concrete (RPC) (patented name Ductal ® ) is shown in Tables 1 and 2 , respectively. In addition, the range of the mix of the UHPFRC used is illustrated in Table 3 .
Concept behind High Strength and Performance of UHPFRC
(1) Low water-cement ratio: As a rule of thumb in concrete technology, the lower the water-cement ratio, the higher will be the strength. A low watercement ratio helps in reducing pore spaces and further increasing the binding between hydration products and aggregates. In order to achieve the allowable spread flow and the maximum relative density, the optimum water-binder ratio of 0.13-0.25 was suggested in the literature. Wille et al. [16] achieved a compressive strength of 150 MPa with a water-cement ratio, w/c, equal to 0.25. In addition to the w/c ratio, other strength-governing parameters are properties of the constituents, mixing procedure, mixer type, curing regime, and curing type. (2) Ductility: e higher flexural and tensile strengths of UHPFRC are due to the addition of steel fibres. e steel fibres in the vicinity of the flexural and tensile cracks offer more efficient transfer of stresses. ereby, reducing the crack propagation rate enhances the ductility of the material. (3) Homogeneity: despite the low water-cement ratio, the addition of a high quantity of quality superplasticizer helps to achieve a homogenous mixture that is easy to mix and work on. (4) Increased binder: e amount of calcium silicate (C-S-H) gel (the main product of hydration) increased due to the addition of pozzolans (such as micro silica and fly ash), which react with the inert calcium hydroxide product to produce more C-S-H gel. ereby, the density and strength of the material increased significantly. As compared to conventional concrete and HPC, relatively high fractions of cement are used in UHPFRC [17] . e compressive strength of UHPFRC increases with increasing cement content, up to a certain limit known as the optimum content. Beyond this limit, the strength has a tendency to decrease as a result of the limited contribution of the [18] . A mixture of less than 6% of the cement combined with the calcium aluminates is preferred due to its lower water demand. Cement content does not hydrate completely due to the lower water-binder ratio, so part of the unhydrated cement content can be replaced with silica fume, crushed quartz, or blast furnace slag without compromising the strength. Because of the much ner particle size of 0.1-10 µm, optimal spherical shape, and pozzolanic reactions, the gap is lled between the relatively coarser particles, and hence, the workability and compressive strength is improved [16] . (5) Aggregate: Cracking in the concrete typically begins in the proximity of the aggregates. e cementaggregate interfacial zone (ITZ) is the weakest link in normal concrete (NC). e major portion of the fracture paths in NC present along the interface between the coarse aggregate particles and the cementitious matrix is called ITZ. is may be due to the inherent weakness of ITZ or due to the stress concentration induced by the rigid aggregates embedded in the cementitious matrix. ITZ has a high w/b ratio as compared with the surrounding matrix due to internal bleeding around the elongated and at coarse aggregate particles which is characterized by the highly porous region that a ects the durability of concrete. erefore, the abovementioned weaknesses induced by ITZ can be reduced by eliminating the coarse aggregates from the mixture of UHPFRC [19] . Fine aggregates like quartz sand are used in the UHPFRC mixture and play a key role in reducing the maximum plate thickness (MPT). MPT is an important factor in the mixture design of UHPFRC. Wille et al. reported an optimum sandto-cement ratio of 1.4 for a quartz particle size of 0.8 mm [16] . (6) Figure 1 , which shows the ductile property of UHPFRC.
Fatigue Resistance.
Tensile fatigue tests conducted by [21] on steel-reinforced UHPFRC showed that it possesses a signi cant amount of fatigue resistance. erefore, UHPFRC was considered as a fatigue-strengthening material for RC structures. At the initial stage of the test, the UHPFRC material was the most active material in determining the fatigue behaviour. However, in the later stages, reinforcing bars determined the fatigue behaviour of the UHPFRC. erefore, for high fatigue deformations, it is recommended to add reinforcing bars to the UHPFRC layer.
Durability Performance.
e very dense microstructure of UHPFRC makes it di cult for foreign substances to penetrate it. is makes UHPFRC highly resistive to chloride penetration, sulfate attack, carbonation, etc. Experimental test results showed that UHPFRC has a high scaling, abrasion, freeze-thaw, and alkali-aggregate reaction resistance, as shown in Figure 2 .
Coe cient of ermal Expansion.
e coe cient of thermal expansion of UHPFRC was found to be slightly higher than that of NC [7] .
is is because of the coe cient of the thermal expansion of concrete which is controlled by the coe cient of its constituents, aggregate. Since the coe cient of the thermal expansion of UHPFRC and that of NC is very close, it can be suitably used as a repairing material where the di erential thermal expansion between UHPFRC and the host concrete will be avoided.
Fire Resistance.
Fire resistance tests showed that explosive spalling of UHPFRC occurs at a temperature of 790°C, which is 100°C and 190°C more than for HPC and ordinary concrete (OC), respectively [22] . e compressive strength of UHPFRC increases at temperatures between 200 and 300°C but starts to fall above this temperature range [8] . e residual strength of UHPFRC after 60 min of re test at temperatures between 450 and 550°C is 62.2%, while for HPC and OC it is 46.7% and 58.5%, respectively. Further, the loss of mass in HPC and OC was considerably more than that of UHPFRC for the same re testing conditions [22] . As such, the high re resistance of UHPFRC will make it a suitable repair and rehabilitation material for RC structural members. [20] studied the bond characteristics of UHPFRC and NC substrate surface (NCSS) by conducting di erent bond tests such as a slant-shear test with the bond interface inclined at 55°, 60°, and 70°, pull o , and splitting prism tests. It was reported that the bond performance between NCSS and UHPFRC is successful. e results showed that the saturated conditions of NCSS resulted in an excellent bond performance. e roughness degree of NCSS became irrelevant to achieve a good strength of bond if the appropriate wetting conditions take place [20] . Al-Osta et al. [23] evaluated the bond strength between UHPFRC and NC by conducting bond tests such as the split cylinder tensile strength test and the slant-shear test. Epoxybonded (EP), plane surface, and sandblasted (SB) hybrid cylinder specimens were tested in the current research work. It was concluded that specimens whose NC substrate surfaces were made rough through sandblasting had a higher slant-shear strength than epoxy-bonded or plane surface specimens. In addition, failure was observed at the interface plus partial concrete substrate. e values of the split tensile strength test for both techniques (EP and SB) showed that the bond between UHPFRC and NC could be placed under excellent bond quality regardless of the surface preparation.
Bond between NC and UHPFRC. Richard and Cheyrezy

Literature Review of Existing Studies
Over the last decade, a large number of research studies on the repair and strengthening of concrete members using various types of high-strength and high-performance concretes have been reported. Although most of these studies were carried out for the sake of research, the outcomes of some of these studies have been put into practice and have shown promising performance.
Most of the research works were conducted to ascertain the e ectiveness of these types of concrete in the repair of damaged RC members, while others were conducted on the strengthening of undamaged RC members in exure, shear, or torsion. Others investigated the performance of normal RC-high-strength concrete composite members in which high-strength/high-performance concrete represents a large percentage of the total volume of the member.
Alaee and Karihaloo [24] studied the behaviour of retro tted damaged RC beams with a high-performance brereinforced concrete known as CARDIFRC. e results indicated that the load carrying capacity of retro tted RC beams increased for all strengthening con gurations. Farhat et al. [25] studied the application and behaviour of the highperformance bre-reinforced cementitious composite (CARDIFRC) to repair damaged beams. e experimental results indicated an increase of the failure load up to 86% with the application of CARDIFRC strips on the tension and side faces. Habel [26] studied the structural behaviour of full-scale RC beams made of UHPFRC under exure. e tested beams were strengthened with a layer of UHPFRC on the tension side. It was noted that using a layer of UHPFRC would result in signi cant improvements in the structural strength of the strengthened beams. Martinola et al. [27] reported an experimental and numerical study of the e ect of the bre-reinforced concrete repair or strengthening of full-scale RC beams. e results indicated the viability of the recommended technique in both the ultimate and serviceability stages. Mostosi et al. [28] evaluated the increment in the bearing capacity of the RC members under shear action, which is one of the challenging issues in the les of structural concrete repair. Concrete beams containing only longitudinal reinforcement bars were strengthened with highperformance bre-reinforced concrete (HPFRC) jackets incorporating U-bent wire mesh. Experimental results showed that the thickness of the jacket has an impact on the maximum load capacity, while the HPFRC jacket e ectively played the role of lacking shear reinforcement. A new UHPFRC-NC hybrid floor system without steel-reinforcing bars was developed by Hakeem [9] . e idea is to utilise the tensile strength of steel fibres in UHPFRC instead of using reinforcing bars. e techniques applied to three different systems: (i) the UHPFRC layer at the top and bottom, (ii) the UHPFRC layer at the top and bottom of hollow core slabs, and (iii) slabs reinforced with precast with UHPFRCdeformed bars. Test results showed promising outcomes and potential that the technique could be suitably utilized in designing precast floors for light-to-medium loaded buildings. Moreover, the technique will have more applications in corrosive environments where the RC members face high risks of corrosion. A combined system of UHPFRC-CFRP was used by Garner [29] to strengthen RC slabs. e CFRP was applied after scraping the slab top surface to a certain depth, and the UHPFRC was cast over the CFRP. e idea of using UHPFRC was to shift the neutral axis position of the slab and place the CFRP laminate under tension. Test results indicated significant increases in the load carrying capacity and stiffness of the strengthened RC slabs. e same technique was used by Genedy [30] to strengthen RC T-beams.
e UHPFRC-CFRP system was applied to the top of the T-beams using the same technique by Garner [29] . Test results showed a much lower increase in the load bearing capacity and stiffness compared to what was obtained in the RC slabs by Garner [29] . Hassanean et al. [31] investigated the flexural behaviour of 2.3 m long beams strengthened and retrofitted using the mixed steel fibre concrete jacket (MSFCJ) under a short-time repeated load in a three-point load configuration.
e experimental results indicated a significant increase in stiffness and a reduction in the number of cracks, which were concentrated in the middle third portion of the strengthened beams.
is indicated prevention of the formation of shear cracks. Noshiravani and Brühwiler [32] conducted an experimental study to investigate the effect of UHPFRC as an additional tensile reinforcement on a cantilever-reinforced concrete beam. It was observed that most of the beams fail in flexure at a force 2-2.8 times higher than the reference (control) RC beam. It was noticed that there was an improvement in the deformation capacity of the member. Iskhakov et al. [33] studied experimentally the behaviour of a composite concrete beam made up of NC on the compression side and steel fibre-reinforced concrete on the tension side.
e results showed that the failure load and ductility of the strengthened beam with the abovementioned configuration increased more as compared to other strengthening techniques using the same material. Mahmud et al. [34] investigated the size effects of UHPFRC on the flexural strength of the beams. A total of fifteen beams with different depths were tested. Mahmud et al. also developed a numerical model using the ABAQUS software. Both the experimental and numerical results showed that the size effect in the flexural strength of the beams is almost negligible. Ruano et al. [35] evaluated the structural performance of using steel fibre-reinforced concrete (SFRC) in the shear retrofitting of the RC beams. In order to evaluate the contribution of the fibre content, different dosages of fibre were used (30 kg/m 3 and 60 kg/m 3 ). e experimental results proved that the presence of fibres prevents debonding and generally enhances the overall integrity of the beams. In addition, the efficiency of the SFRC for shear strengthening is directly related to the use of steel stirrups. Chalioris et al. [36] investigated the use of thin reinforced self-compacting concrete (SCC) for strengthening of conventional shear-critical RC beams through experimental and analytical studies. e strengthened beams exhibited increased strength and ductility in addition to favourable failure behaviours. It was concluded that the reinforced SCC may be considered as a quick option for strengthening the existing RC beams. Bastien Masse and Brühwiler [37] investigated a retrofitting technique of a bridge deck slab using ultrahighperformance fibre-reinforced concrete (UHPFRC). It was concluded that a layer of UHPFRC over an RC section significantly increases the load bearing capacity. Ombres [38] studied that the behaviour of RC beams strengthened in shear with fabric-reinforced cementitious matrix (FRCM) with varying configurations of FRCM strips (U-wrapped continuous and discontinuous). e results showed that the FRCM strengthening method increased the shear capacity of the RC beam when an adequate strengthening configuration was adopted. Hussein and Amleh [39] investigated the shear strength of the composite beams made up of normal strength concrete and UHPFRC. e tested beams had a high-grade NC layer in the compression zone and an UHPFRC layer on the tension side.
e experimental results indicated good enhancements in the flexural and shear capacities of the developed composite beams. Ruano et al. [40] carried out an experimental work and a numerical modelling of the behaviour of RC beams strengthened in shear with high-performance selfcompacting concrete. e experimental program involved 14 RC beams where some of them were damaged and repaired, while the rest were initially strengthened. Both the experimental and numerical results demonstrated that the fibre content not only prevents debonding from the concrete substrate but also increases the load bearing capacity of the strengthened RC beams. Prem et al. [41] studied experimentally the performance of retrofitted or repaired predamaged RC beams with a layer of UHPFRC at the tension side. e results indicated that using UHPFRC, as repaired materials for the predamaged RC beams, would result in a significant increase in the failure load. Lampropoulos et al. [13] demonstrated that using a layer of UHPFRC at different locations, as strengthened materials of RC beams, could increase the ultimate flexural strength of all of the strengthened beams. Mohammed et al. [3] tested many RC beam specimens strengthened with UHPFRC under torsional loading. e beams had no stirrups. e results indicated that strengthening the beams on all four sides increased the torsional strength. Iqbal et al. [42] examined the use of steel fibre-reinforced high-strength lightweight selfcompacting concrete (SHLSCC) for the strengthening of RC beams. An analytical model was developed to predict the bending moment capacities of such strengthening techniques. It was stated that the SHLSCC method is an effective technique to strengthen the flexural members. e experimental results showed that the improvement in strength is dependent on the thickness of the strengthening layer (SHLSCC layer) in the tension zone. Al-Osta et al. [23] investigated the flexural behaviour of RC beams retrofitted with UHPFRC. Two different Advances in Civil Engineeringtechniques for the strengthening of RC beams using UHPFRC with different configurations were assessed in this research. e two techniques are as follows: (i) the NC surface was made rough by sandblasting and in situ casting of UHPFRC around beams with different configurations, and (ii) an epoxy primer was used to attach the precast UHPFRC plates with conventional RC beams. It was found that there was no considerable difference in the results of the two strengthening techniques. However, the sandblasting interface preparation technique was more promising. It was reported that the stiffness and cracking load of the strengthened beams were increased, crack propagation was delayed, and cracks were concentrated in the middle third portion of the beam, which reflected the increment in the shear strength of the beam.
Analysis and Discussion of Results from the Review
Effect of Strengthening RC Beams with UHPFRC on Ultimate Load Capacity.
Results have shown that strengthening with UHPFRC increases the ultimate load capacity of both damaged and undamaged RC beams up to 1.99 and 2.77 times that of the control, respectively, depending on the tensile strength of the UHPFRC used. Figure 3 shows the available maximum increase in failure loads achieved by strengthening with UHPFRC.
Effect of Strengthening Configuration.
e strengthening configuration was found to have a significant effect on the strengthened beam specimens.
e results showed that beams strengthened at the three sides (bottom + two longitudinal sides) depicted the highest increment in moment capacity, as compared to strengthening at the top and bottom on the longitudinal sides only (Figure 4) . However, strengthening at the bottom or top showed the lowest values for moment capacity.
e torsion strength test conducted by Mohammed et al. [3] on RC beams, which were strengthened with UHPFRC jacketing using different strengthening configurations, showed varying cracking and ultimate torque enhancement. Furthermore, beams were strengthened at all four sides showing the highest level of enhancement, as clearly illustrated in Figure 5 .
Effect of UHPFRC Layer ickness on Ultimate Load
Increase. Studies have shown that the failure load of the strengthened RC beam specimen increases as the thickness of the UHPFRC layers increases for the same configuration arrangement, as shown in Figure 6 . Figure 6 (b) shows beams strengthened with UHPFRC at the tension side with varying degrees of thickness in the UHPFRC layer: 30 mm (NR3), 50 mm (NR5), and 100 mm (NR10) [26] . It can be observed that the ultimate load increases as the UHPFRC layer increases. However, a change of behaviour and sudden failure were observed as the layer became thicker (NR10). is indicates that the failure of the UHPFRC jacket was followed by a softening behaviour up to a load level equal to the yield load of the steel reinforcement inside the concrete beam. en, the steel is activated, and the load stabilises with the behaviour becoming more ductile. Also, Figure 7 shows that increasing the layer thickness of UHPFRC increases the torsional load of the RC beams as proved by Mohammed [3] .
Effect of Curing Type on Capacity Enhancement.
e type of curing (for which UHPFRC-strengthened RC beams were subjected) was found to affect the ultimate load of the strengthened beams. Beam specimens were cured using hot air curing, which shows the highest values in the failure load. Damaged RC beams strengthened with UHPFRC and cured using different curing methods were studied by Prem et al. [41] , as shown in Figure 8 .
Effect of Fibre Content on Flexural Capacity, Stiffness, and
Shear Capacity of RC Beams. From the reviewed studies, it was observed that an increase in the steel fibre content in the UHPFRC jacket increases both the flexural capacity and the stiffness of the strengthened beams for the same strengthening configuration (Figure 9 ). On the other hand, the variation of steel fibres in both the UHPFRC-normal strength concrete (NSC) composite beam and the UHPFRC-high-strength concrete (HSC) composite beams [39] showed that the variation of steel fibre content on the shear capacity of the composite beams is insignificant.
Effect of Addition of Reinforcing Bars inside UHPFRC
Layer.
e addition of a steel-reinforcing bar in the UHPFRC jacket was found to be significant to improve the ultimate load and stiffness of the strengthened member. e reinforcing bars in the UHPFRC layer serves as a macro fibre contained in the UHPFRC. In other words, the crack width becomes larger, and the steel fibres are pulled out. e reinforcing bars take over the tensile force over the macrocracks until the steel yielded and failed, hence increasing both the capacity and ductility of the member. A study on this effect was carried out by Ahlborn et al. [7] and Brühwiler [43] , and the load-deflection curves are shown in Figure 10 . Advances in Civil Engineering e strange/unusual behaviour shown by NR10 was due to high thickness of the UHPFRC layer as discussed in Section 4.3.
E ect of UHPFRC-CFRP Composite Strengthening.
Using UHPFRC and CFRP to strengthen RC members in a systematic manner similar to that conducted by Garner [29] and Genedy [30] has proven e ective, particularly for thin members such as slabs. e arrangement is such that the CFRP laminate provides additional tensile strength to the member, while the UHPFRC provides additional compressive strength. A typical arrangement of the system is shown in Figure 11 .
Results show that this technique is not suitable for deep members such as beams because of the problem of placing the CFRP below the neutral axis. For this technique to be e ective, the buried CFRP laminate needs to be placed completely in tension, which is easier to achieve in thinner members such as slabs. e results of tests conducted using this technique on RC slabs and T-beams are presented and compared in Table 4 .
However, the e ectiveness of this technique is a ected by the compressive strength, as well as the thickness of the UHPFRC layer applied at the top of the member.
Cost Comparison with Other Strengthening Techniques.
A strengthening cost comparison between UHPFRC and various other methods used to strengthen RC beams is presented in Figure 12 and Table 5 based on the average price of materials in Saudi Arabia. e results showed that UHPFRC has a higher cost to achieve an increase in the capacity up to 88% compared to strengthening with reinforced concrete (RC) and reinforced self-compacting concrete (RSCC). However, due to the durability property of UHPFRC compared to these two materials, the overall service life cost of strengthening with UHPFRC will be lower because UHPFRC will incur a lower maintenance cost [43] .
Conclusions
From the study conducted, the following conclusions are drawn:
(1) e use of UHPFRC in the repairing and strengthening of RC structural members increases the ultimate load and sti ness, as well as reducing the crack width of the member. (2) Hot air curing of the strengthened members compared to other curing methods showed the highest values in the failure load. (3) ere is a high bond strength between UHPFRC and the host concrete member regardless of the surface preparation. However, applying the sandblasting technique on the parent concrete surface before strengthening gives the highest strength. Figure 4 : E ect of strengthening con guration on (a) exural capacity [13] and (b) shear capacity [24] . (4) e behaviour of the strengthened member depends on the strengthening con guration. Members strengthened on all sides show a monolithic behaviour while members strengthened on selected sides might show debonding at high loads. (5) RC members strengthened on all sides showed the highest increase in load capacity and sti ness. (6) e thickness of the UHPFRC layer used to repair or strengthen RC members has a direct in uence on the capacity enhancement of the member. An increase in the thickness of the UHPFRC layer increases both the load capacity and the sti ness of the strengthened member. (7) e behaviour of the RC beams strengthened with thick layers of UHPFRC showed sudden failure after reaching the ultimate load. (8) e addition of reinforcing bars at the UHPFRC layer increases the hardening and the ultimate resistance of the strengthened member. Figure 6: E ect of UHPFRC layer thickness on (a) ultimate load [24] and (b) load-de ection behaviour [26] . 8 Advances in Civil Engineering (9) Strengthening with UHPFRC gives lower overall service life compared to strengthening with other materials, that is, due to the high durability property of UHPFRC. (10) Increasing the steel bre content in UHPFRC increases the exural strength of the strengthened member while the variation of steel bre content does not signi cantly a ect the shear capacity of the strengthened member.
(11) Analytical models based on the exure theory of RC beams can be suitably used to predict the behaviour of RC beams strengthened with UHPFRC.
Recommendations for Future Studies
e following recommendations are suggested for better understanding of the potential of UHPFRC in repairing and strengthening, as well as the behaviours of the Figure 9 : E ect of steel bre content on (a) exural capacity and sti ness of strengthened RC beams [13, 23, 27] and (b) shear capacity [39] . 
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strengthened members under various loading and environmental conditions:
(1) Most of the studies were conducted on RC beam elements. ere is a need for investigations on other structural elements, particularly columns and walls.
(2) In addition, most of the research works were conducted on undamaged structural members. ere is a need for more research on strengthening damaged members, which is the main purpose of repair and strengthening. (3) ere is a need to develop closed form design equations for flexural, shear, and torsional strengthening of the structural members with UHPFRC. In addition, the development of design guidelines is needed if the material is to be adopted in practice. (4) e performance of the strengthened concrete members under various loading conditions such as fatigue or cyclic loading, fire load, and seismic and impact loads should be investigated with more emphasis given to the interface condition between NC and UHPFRC. Figure 11 : Cross section of UHPFRC-CFRP composite strengthening of (a) RC slab [29] and (b) RC T-beam [30] . ere is a need to check performance (particularly the interface condition) under varying environmental conditions such as freezing and thawing, and wetting and drying. (6) In addition, the durability performance of strengthened RC members against chemical attack such as chloride and acid attacks should be investigated with emphasis given to the density and thickness of the UHPFRC layer to provide the required protection against penetration by such substances.
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